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GROUP A – PROJECT MANAGEMENT/DATA QUALITY OBJECTIVES


A.1	Project Organization


Orion Environmental Inc. (Orion) has prepared this Quality Assurance Project Plan (QAPP) on behalf of Northrop Grumman Systems Corporation (Northrop Grumman) in accordance with the Remedial Design/Remedial Action (RD/RA) Statement of Work (SOW) for the Shallow Zone South of Puente Creek (SZ-South) remedy of the Puente Valley Operable Unit (PVOU).  The SOW is Attachment 4 to Unilateral Administrative Order (UAO) 2011-14 issued by U.S. Environmental Protection Agency (USEPA) on 16 September 2011 (USEPA, 2011).


The following individuals will receive copies of the approved QAPP and subsequent revisions:


Joe Kwan – Northrop Grumman Project Coordinator (primary decision maker)


Ray Chavira – USEPA Remedial Project Manager (primary decision maker)


Pete MacNicholl – California Department of Toxic Substances Control (DTSC) Project Manager


Rick Lewis – Northrop Grumman Alternative Project Coordinator and Technical Lead


Linda Niemeyer – Northrop Grumman Project Manager


Tom Perina – CH2M Hill Project Manager


Kerang Sun – CH2M Hill Consulting Hydrogeologist


John Dolegowski – CH2M Hill Consulting Hydrogeologist


Artemis Antipas – CH2M Hill Consulting Environmental Chemist


Matthew Nelson – Orion Environmental Inc. (Orion) Project Manager


Mike Purchase – Orion Consulting Engineer


John Gallinatti – Geosyntec Consultants (Geosyntec) Third Party Technical Reviewer


Dan Colby – San Gabriel Basin Water Quality Authority Stakeholder


Don Indermill – Regional Water Quality Control Board, Los Angeles Region Stakeholder


A project organization chart is included on Figure 1 and project team contact information is included in Table 1.  The individuals participating in the project and their specific roles and responsibilities are discussed below:


Joe Kwan, Northrop Grumman Project Coordinator – Mr. Kwan is a primary decision maker for the project and a primary user of the data.  His project responsibilities include:


· Having overall responsibility for the investigation for Northrop Grumman


· Making final project decisions with the authority to commit the necessary resources to conduct the project for Northrop Grumman.


Ray Chavira, USEPA Remedial Project Manager Coordinator – Mr. Chavira is a primary decision maker and a primary user of the data for the project.  His project responsibilities include:


· Having overall responsibility for the investigation for USEPA


· Reviewing and approving the QAPP and subsequent addendums in terms of program specific requirements


· Reviewing technical reports and monitoring overall project schedule


· Making final project decisions with the authority to commit the necessary resources to conduct the project for USEPA.


Pete MacNicholl, DTSC Project Manager – Mr. MacNicholl’s project responsibilities include:


· Having overall responsibility for the investigation for DTSC


Rick Lewis, Northrop Grumman Alternative Project Coordinator and Technical Lead – Mr. Lewis’s project responsibilities include:


· Developing the investigation scope with the project team


· Providing support for the field team during the investigation


· Working with the project team to review investigation data and making decisions on the direction of the investigation


· Conducting project activities in accordance with the QAPP


· Reviewing final report to USEPA.


Linda Niemeyer, Northrop Grumman Project Manager – Ms. Niemeyer’s project responsibilities include:


· Providing technical support to Northrop Grumman


· Developing the investigation scope with the project team


· Working with the project team to review investigation data and making decisions on the direction of the investigation


· Conducting project activities in accordance with the QAPP


· Reviewing final report to USEPA.


Tom Perina, CH2M Hill Project Manager – Mr. Perina’s project responsibilities include:


· Developing the investigation scope with the project team


· Providing technical support to USEPA


· Reviewing and providing comments to the QAPP and subsequent addendums in terms of program specific requirements for USEPA


· Working with the project team to review investigation data and making decisions on the direction of the investigation.


Kerang Sun, CH2M Hill Consulting Hydrogeologist – Mr. Sun’s project responsibilities include:


· Developing the investigation scope with the project team


· Providing technical support to USEPA


· Reviewing and providing comments to the QAPP and subsequent addendums in terms of program specific requirements for USEPA


· Working with the project team to review investigation data and making decisions on the direction of the investigation.


John Dolegowski, CH2M Hill Consulting Hydrogeologist – Mr. Dolegowski’s project responsibilities include:


· Developing the investigation scope with the project team


· Providing technical support to USEPA


· Reviewing and providing comments to the QAPP and subsequent addendums in terms of program specific requirements for USEPA


· Working with the project team to review investigation data and making decisions on the direction of the investigation.


Artemis Antipas, CH2M Hill Consulting Environmental Chemist – Ms. Antipas’s project responsibilities include:


· Reviewing and providing comments to the QAPP and subsequent addendums in terms of program specific requirements for USEPA.


· Providing technical support to USEPA


Matthew Nelson, Orion Project Manager – Mr. Nelson’s project responsibilities include:


· Providing technical support to Northrop Grumman


· Developing the investigation scope with the project team


· Developing the QAPP


· Coordinating the field and laboratory activities


· Working with the project team to review investigation data and making decisions on the direction of the investigation


· Conducting project activities in accordance with the QAPP


· Implementing the corrective action system used during the field activities


· Working with the laboratory to validate investigation data


· Reporting investigation status to the project team and preparing final report to USEPA.


Mike Purchase, Orion Consulting Engineer – Mr. Purchase’s project responsibilities include:


· Providing technical support to Northrop Grumman


· Developing the investigation scope with the project team


· Reviewing and providing comments to the QAPP and subsequent addendums in terms of program specific requirements for Northrop Grumman


· Providing support for the field team during the investigation


· Working with the project team to review investigation data and making decisions on the direction of the investigation


· Conducting project activities in accordance with the QAPP


· Reviewing final report to USEPA.


John Gallinatti, Geosyntec Third Party Technical Reviewer – Mr. Gallinatti’s project responsibilities include:


· Developing the investigation scope with the project team


· Providing third party technical review for the project.


· Providing technical support to Northrop Grumman


A.2	Problem Definition/Background


A.2.1	Purpose


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The purpose of this QAPP is to describe the Quality Assurance/Quality Control (QA/QC) requirements for collecting data to fill data gaps described in the Conceptual Site Model (CSM; Appendix A).  The QAPP documents the planning, implementation, and assessment procedures of or activities to be performed during the investigation.  The QAPP addresses the requirements in (1) the RD/RA SOW for the SZ-South for UAO 2011-14 (USEPA, 2011) and (2) the “EPA Requirements for Quality Assurance Project Plans” (USEPA, 2001).  It includes procedures designed to provide for the precision, accuracy, completeness, and representativeness of the data to be generated as the project investigation is conducted.  It is intended to guide field, engineering, and management personnel in relevant aspects of data collection, management, and control while on or off site.


A.2.2	Problem Statements


The problem statements for the investigation were developed in coordination with USEPA and are defined in Step 1 of the Data Quality Objectives (DQOs) process (Appendix B).  The problem statements for the investigation are as follows:


1. Identify and characterize the nature and extent of remaining sources (any additional mass that will continue to impact groundwater quality).


2. Characterize lateral and vertical extent of contamination south of Puente Creek.


3. Identify and characterize groundwater contaminant migration pathways.


4. Obtain sufficient information to evaluate alternatives to remediate contamination south of Puente Creek.


5. Characterize the vapor intrusion pathway and perform a risk assessment.


6. Evaluate potential impacts of Benchmark related groundwater contamination on existing wells (conduct a potable well survey).


7. Identify proper disposal methods of investigation derived waste (IDW).


A.2.3	Background


A UAO for the SZ-South was issued to Northrop Grumman by USEPA on 16 September 2011 (USEPA, 2011).  As defined by USEPA in the UAO, the “Shallow Zone South of Puente Creek shall mean the shallow zone of the PVOU aquifer, as referenced in the ROD and ESD, that lies south of Puente Creek and is bounded on the east, west, and south by the extent of shallow zone contamination.  Puente Creek, a surface water reconveyance channel located in Los Angeles County, lies above the underlying shallow zone groundwater and shall serve as the northern physical boundary for the Shallow Zone South of Puente Creek remedy” (Figure 2).  The former TRW Benchmark property (Benchmark) is located in the area defined as the SZ-South.  A complete site background including a chronology of investigations and remediation performed at the site can be found in Table A-1 of the CSM in (Appendix A)..	Comment by Author: Reconveyance is the process of transferring a title back to its original owner.  


A.3	Project Description and Schedule 


The following sections provide a description of the project and summary of the schedule to complete the sampling activities that will address the problem statements in Section A.2.2.


A.3.1	Description of Work to be Performed


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The work to be performed to address the problem statements in Section A.2.2 are as follows:


Benchmark


· Sample existing vapor monitoring points and soil vapor extraction (SVE) wells to evaluate soil vapor contaminants and concentrations


· Evaluate data collected and installiInstall temporary vapor monitoring points to collect additional soil vapor data needed to fill data gaps or deficiencies


· Drill soil and Hydropunch borings to complete the following: 


· Collect vadose zone soil samples at select locations and depths to evaluate potential vadose zone contamination


· Collect saturated soil samples at select locations and depths for treatability evaluation


· Collect grab groundwater samples at all locations to evaluate the nature and extent of groundwater contamination


· Perform visual logging of soil samples using the Unified Soil Classification System (USCS) to evaluate lithology


· Evaluate the need forConduct downhole geophysical logging to evaluate and correlate lithology at select locations and depths and perform if necessary


· Install permanent groundwater monitoring wells as needed to provide locations for future groundwater monitoring based on data collected from soil and Hydropunch borings.


Off Property


· Drill investigation borings to:


· Collect saturated soil samples to evaluate physical properties


· Collect grab groundwater samples at all locations at defined depth intervals to evaluate the nature and extent of groundwater contamination 


· Perform visual borehole logging using the USCS to evaluate lithology


· Evaluate the need forConduct downhole geophysical logging to evaluate lithology at select locations and perform if necessary


· Install permanent single or multi- depth groundwater monitoring wells based on data collected from soil and grab groundwater samples


· Install temporary vapor monitoring points to evaluate potential for vapor intrusion in the immediate vicinity of Benchmark.


Site Wide


· Review data collected during investigation activities and information on available remedial technologies to evaluate alternatives to remediate soil and groundwater contamination south of Puente Creek


· Perform short-term aquifer testing on new and existing wells


· Perform indoor air sampling based on soil vapor data collected at the property,  and in the immediate vicinity of Benchmark, and downgradient of the former Benchmark facility above the highest groundwater plume concentrations south of Puente Creek.


· Conduct a potable well survey to evaluate the potential for human health exposure and conduits for vertical migration of contaminanted groundwaterscontaminants


· Collect samples of IDW to identify the proper disposal method.


A description of work to be performed for each problem statement in Section A.2.2 can be found in the DQOs in Appendix B.  Proposed sample locations are shown on Figures B‑1 through B-3 and sample location rationales are described in Table B-11 in Appendix B.  A flow chart detailing the investigation process is shown on Figure B-4 in Appendix B.  Investigation results will be summarized in tables, on figures, and in a technical report.  Step 5 of the DQOs provides more detail on how the investigation results will be presented (Appendix B).


A.3.2	Schedule of Activities


The investigation is expected to begin in September 2012 and take approximately 4 months to complete.  A schedule for the proposed investigation activities can be found on Figure 3.


A.4	Data Quality Objectives


The following sections discuss the DQOs.  


A.4.1	Project Quality Objectives


DQOs specific to the investigation were developed independently through the DQO process to meet the data user’s needs (USEPA, 2006).  The problem statements are presented in Section A.2.2 and the DQOs for the proposed investigation are included in Appendix B.


A.4.2	Measurement Performance Criteria


The overall QA objective for sampling data is to ensure that the data generated are of documented quality for the intended data uses.  To achieve this objective, data will be (1) representative of actual site physical and chemical conditions; (2) comparable to other studies, where appropriate; (3) complete to the extent necessary that conclusions may be reached; and (4) of known quantitative statistical significance in terms of precision and accuracy, at levels appropriate for each stated data use for the project.  Target compound lists including analytical methods, reporting limits, and regulatory limits are included in Appendix B (Tables B-1 to B-10, B-12, and B-13).


Data quality is assessed in terms of precision, accuracy, representativeness, completeness, and comparability (also known as the PARCC parameters).  Descriptions of these characteristics are provided in the following paragraphs.


Precision


Precision is a measure of mutual agreement among individual measurements of the same property, usually under prescribed similar conditions.  Precision is best expressed in terms of the standard deviation around the mean or relative percent difference (RPD) between two samples.  The RPD between duplicate sample results is calculated using the following equation:


RPD = (D1 - D2)/[(D1 + D2)/2] x 100


where:


RPD = Relative percent difference


D1 = First sample value


D2 = Second sample value (duplicate).


Precision of reported results is a function of sample homogeneity, inherent field related variability, shipping variability, and laboratory analytical variability.  Various measures of precision exist depending on "prescribed similar conditions."  Field duplicate (i.e., split) samples will provide a measure of the contribution to overall variability of field-related and to some extent laboratory-related sources. 


Contribution of laboratory-related sources to overall variability is also measured through various laboratory QA/QC samples (laboratory duplicates, etc.).


Accuracy


Accuracy is the degree of conformity of a measurement (or an average of measurements of the same parameter), X, with an accepted reference or true value, T, usually expressed as the difference between the two values, X-T, or the difference as a percentage of the reference or true value, 100 (X-T)/T, and sometimes expressed as a ratio, (X/T) 100 (equal to percent recovery).


Accuracy is a measure of the bias in a system.  Performance evaluation standards (blind standards) will be submitted to the laboratory at a target frequency one in every 20 samples.  Analytical performance on these reference samples will provide a measure of the analytical accuracy of the laboratory.  Internal laboratory QA/QC samples (matrix spikes and standards) will also yield accuracy information.	Comment by Author: Who will prepare the  performance evaluation (PE) samples?  Specify the contaminants and concentration range to be used.  How will they be submitted blind to the laboratory? How will the data be used to measure analytical accuracy?


Representativeness


Representativeness is the degree to which data accurately and precisely represents the true value of a characteristic of a population, parameter variations at a sampling point, a process condition, or an environmental condition that is intended to be characterized.


Representativeness of reported results depends upon a number of considerations including, but not limited to, proper monitoring design; selection of appropriate field methodology; proper sample preparation, preservation and handling; selection and execution of appropriate analytical methodology; and proper sample identification and reporting of results.


Data will be obtained during the investigation according to the sampling methodology developed and discussed in Section B.2.  The documentation requirements will establish that the protocols have been followed and sample identification and integrity assured.  Equipment blanks and duplicates will be used to assess field and transport sample contamination and method variation. 


Completeness


Completeness is a measure of the amount of valid data expressed as a percentage obtained from a measurement system compared to the amount that was expected to be obtained under normal conditions.  For this project, the completeness parameter will be assessed through the data validation procedures discussed in Section D.


Comparability


Comparability is the confidence with which one data set can be compared to another.  Comparability may be assessed by comparing sampling methodology, analytical methodology, and units of reported data.  The comparability requirements for field measurement and sampling activities will be maintained by following protocols.  Data comparability will be ensured by use of consistent methods and consistent units.  Environmental samples collected during the field program will be analyzed using USEPA-defined procedures referenced in this document.


A.5	Special Training Requirements/Certifications 


The field-phase portion of the sampling activities will be performed under the supervision of a California Professional Engineer or Geologist.  All personnel working on site will hold current certification showing that they have received training in accordance with requirements specified in 29 CFR 1910.120 (Occupational Safety and Health Administration) regulations.  Documentation and records verifying this training will be maintained by the contractor’s Health and Safety Officer.


Any subcontracted laboratory will be required to have current National Environmental Laboratory Accreditation Conference certification.


A.6	Documentation and Records


This section describes the process for review and approval of the QAPP to ensure that the most current approved version is distributed to the appropriate project team members.  This QAPP will be submitted to USEPA for review and approval.  The approved QAPP will be included in a Remedial Design Investigation (RDI) Work Plan to be submitted to USEPA for review and approval.  The QAPP, as a part of the RDI Work Plan, will be distributed to the individuals listed in Section A.1 along with any subsequent addendums to the QAPP.	Comment by Author: This section should also reference the [1] the QA protocols in Section B, and [2] the laboratory documentation (analytical technical specs (SOPs) 


Field records for this investigation will be as described in Section B and a Field Sampling Plan (FSP).





 


A-10
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GROUP B – MEASUREMENT DATA ACQUISITION


B.1	Sampling Process Design


The following sections provide the sampling process design.


B.1.1	Background


The objectives of the investigation, per background information and the DQOs in Section A, are to (1) evaluate the nature and extent of contamination in the SZ-South, including Benchmark, and (2) collect data to assist in the remedial design for the SZ-South.  The investigation area will be the SZ-South (Figures B-1 through B-3).  The study areas and the populations of interest for each problem statement described in Section A.2.2 are described in Steps 4 and 5, respectively, of the DQOs (Appendix B).  


B.1.2	Schedule of Analyses


Sample collection is expected to begin in September 2012 and take approximately 4 months to complete.  The investigation will begin at Benchmark and continue on to Valley Boulevard, Nelson Avenue, and then to Cadbrook Drive.  A flow chart detailing the investigation process and tables listing the analytes scheduled for the investigation are included in Appendix B (Figure B-4, Tables B-1 to B-10, B-12, and B-13).  The schedule for individual sample types will be as follows:


 Vapor samples collected from existing SVE wells and vapor monitoring points will be delivered by courier to the analytical laboratory for 24-hour turnaround


 Vapor samples collected from temporary vapor monitoring points will be analyzed for volatile organic compounds (VOCs) on site in a mobile lab providing same-day results 


 Vadose zone soil samples will be delivered by courier to the analytical laboratory for 24-hour turnaround


 Saturated zone soil samples will be delivered by courier to the analytical laboratory for 24-hour turnaround


 Grab groundwater samples will be analyzed for VOCs on site in a mobile lab providing same-day results or delivered to the analytical laboratory for 24‑hour turnaround


 Grab groundwater samples to be analyzed for all other analytes will be delivered by courier to the analytical laboratory for 24-hour turnaround


 Geologist well log will be prepared by a certified Geologist based on visual observations of the soil cores collected during the drilling process


 Groundwater samples from permanent wells will be delivered daily by courier to the analytical laboratory for 5-day turnaround.


B.1.3	Rationale for Sampling Design


The sampling design for the investigation was based on professional judgment.  The rationale for each sampling point and each sampling location are included in Appendix B (Table B-11, Figures B-1 to B-3).  The sampling rationale and locations were selected based on the CSM and data gaps observed as a result of the CSM (Appendix A).


B.2	Sampling Methods Requirements


Sampling methods requirements are detailed in Section 6 of the associated FSP.


B.3	Sample Handling and Custody Requirements


B.3.1	Chain-of-Custody


Sample identification records and chain-of-custody records will be used during the field program.  The National Enforcement Investigations Center Policies and Procedures Manual provides chain‑of-custody and document control procedures.  A sample will be under custody if one or more of the following criteria are met:


 Sample is in the custodian's (sampler, lab personnel, etc.) possession


 Sample is in the custodian's view after being in possession


 Sample was in the custodian's possession and was locked up to prevent tampering


 Sample is in a designated secure area.


Chain-of-custody will be maintained for samples collected in the field and transported or shipped to laboratories for analysis or analyzed at an onsite mobile lab.  Field personnel will have overall responsibility for sample custody and for field document control during the sampling.  The field onsite coordinator will check that the samplers have the appropriate identification and custody records, resolve custody problems in the field, and handle the shipment of samples to the analytical laboratories.


Custody records will be used for the samples collected during this project.  The records will be correlated with the sample collection labels; requested information will have the same heading on both.  Laboratory QC samples will be indicated on the chain-of-custody record sheet.  The sampler will complete a chain‑of‑custody record to accompany each sample shipment from the field to the laboratory.  The person who physically collects the sample is the sampler and will complete the chain-of-custody.  An example chain-of-custody record sheet is included in Appendix C.


The custody records will be used for a packaged lot of samples; more than one sample will usually be recorded on one form.  More than one custody record sheet may be used for one package, if necessary.  The purpose of the custody record is to document the transfer of a group of samples traveling together; when custody of the group of samples changes, a new custody record is initiated.  The original custody record will travel with the samples, and the initiator of the record will keep a copy.  When custody of the same group of samples changes hands several times, some people will not have a copy of the custody record.  This is acceptable as long as the original custody record shows that each person who had received custody has properly relinquished custody.  The following are general use instructions:


Custody Record Procedures


1. The originator fills in all requested information from the sample labels.


2. The originator signs in the top left "Relinquished by" box and keeps the copy.


3. The original record sheet travels with the samples.


4. The person receiving custody checks the sample label information against the custody record.  He or she also checks sample condition and notes anything unusual under "Comments" on the custody form.


5. The person receiving custody signs in the adjacent "Received by" box and keeps the original.


6. The date/time will be the same for both signatures since custody must be transferred to another person.  When samples are shipped via common carrier (e.g., Federal Express), the date/time will not be the same for both signatures.


7. When samples are shipped via common carrier, the original travels with the samples and the shipper (e.g., field personnel) keeps the copy.  The shipper also keeps all shipping papers, bills of lading, etc.


8. In all cases, it must be readily seen that the same person receiving custody has relinquished it to the next custodian.


Questions/Problems Concerning Custody Records


If a discrepancy between sample label numbers and custody record listings is found, the person receiving custody should document this and properly store the samples.  The samples should not be analyzed until the problem is resolved by contacting a responsible authority (i.e., the quality assurance coordinator).


The person receiving custody should attempt to resolve the problem by checking all available information (other markings on sample container, type of sample, etc.).  He or she should then document the situation on the custody record and in the field log and notify the appropriate responsible authority to resolve the problem as soon as possible.


Changes may be written in the "Comments" section of the Custody record and should be initialed and dated.  A copy of this record should accompany the written notification to the sample custodian.  A complete copy of the documentation of the problem and its resolution should also be provided to the Orion Project Manager and included with the project files.


Sample Labels


Each sample and field QC sample, including duplicates or decontamination rinsate blanks, will have a sample label completely filled in and securely attached to it.  All field QC samples will be shipped "blind" (i.e., the sample is not identified as a QC sample) to the laboratory, but will be labeled in a way to facilitate identification of the laboratory results.  An example sample label is included in Appendix C.


B.3.2	Custody Seals


When samples are shipped to the laboratory, they must be placed in containers sealed with custody seals.  One or more custody seals must be placed on each side of the shipping container (cooler).


B.3.3	Field Notebooks


Field personnel will follow documentation procedures developed for site investigation work.  The procedures serve to (1) provide a record of the activities performed in the field and (2) permit identification of samples and tracking of their status in the field, during shipment, and at the laboratory.  Site personnel responsible for maintaining field notebooks must be familiar with all procedures applicable to the field activity being performed.


Field notebooks shall be bound with lined, consecutively numbered pages.  All pages must be numbered at the completion of the work.  Before use in the field, the field notebook will be marked with a specific project number issued by the Orion Project Manager.  Before going to the field, the site-specific work plan and health and safety plan will be reviewed by field personnel.  These documents should be on site during all field activities. 


Each field notebook must include:


· Site name


· Date and day of the week


· Weather conditions (i.e., approximate temperature, cloud cover, precipitation, wind direction, and velocity) and other pertinent data


· Name of personnel and subcontractors on site


· Equipment on site


· Summary of activities.


General Field Notebook Procedures


1. Make all entries in a waterproof black or blue indelible marker.


2. Do not erase or blot out any entry.


3. Indicate deletions by drawing a single line through the text to be deleted and initialing and dating the deletion.


4. Do not start a new page until the previous page is full or has been marked with a single diagonal line so that entries cannot be made as if they were part of the narrative.


5. Record work, observations, quantities of materials, calculations, drawings and related information, flow rates, and any relevant system operational parameters directly on the field log.  Field measurements must include units.


6. Reference any forms used to record site information and data filenames in the field log.  If data collection forms or electronic data logging equipment are used, the information need not be duplicated in the field log.  When electronic data are collected, crucial data points should be recorded in the field log as a backup.  Electronically recorded data should always be backed up on portable media as soon as possible following collection.


7. Indicate approximate scale, north arrow, and reference to features that can be easily located from site drawings or aerial photographs on maps in the field log.


8. Sign and date all entries made in margins, otherwise not part of daily narrative, after the field log is closed.


Field Notebook Entries


Specific field notebook entries must include:


· Date and page number on each page


· Signature and date on the final page of entries each day


· Initials and date for all changes


· A single diagonal line through the remainder of the final page at the end of the day to close out the daily log


· Time the observation was made in 24-hour time units


· Names of field team members and other individuals, including onsite subcontractor staff involved in field activities


· Any individuals or visitors who are observing team's activities


· Description of activities being conducted


· Level of personal protective equipment (PPE) used


· Instruments used and serial numbers


· Field instrument calibration verification/recalibration data


· Serial/tracking numbers on documentation and shipments.


Other field log entry requirements may include:


· Changes in weather


· Deviations from procedures, including reasons for deviations


· Problems, downtime, or delays in equipment decontamination procedures


· Upgrade or downgrade of PPE


· Sample analytes, containers, and preservative types


· Observations of conditions that may bias sample results (petroleum odors, airborne dust, etc.)


· Activities taken to mitigate possibility of sample bias


· Identification of any blind duplicate samples


· Information identifying any photographs taken (photo number, view direction, subject description).


A copy of the field notebook should be saved in electronic format in the project files.  An example field notebook and sample log is included in Appendix C.


B.3.4	Corrections to Documentation


All original data recorded in field notebooks, sample labels, and chain-of-custody forms will be written with waterproof ink, unless prohibited by weather conditions.  None of these accountable serialized documents are to be destroyed or thrown away, even if they are illegible or contain inaccuracies that require a replacement.


If an error is made on an accountable document, the team leader may make corrections by drawing a single line through the error and entering the correct information.  The erroneous information should not be eliminated.  Any subsequent error discovered on an accountable document should be corrected by the person who made the entry.  All subsequent corrections must be initialed and dated.


B.4	Analytical Methods Requirements


The selected laboratory will be certified through the State of California Department of Public Health Environmental Laboratory Accreditation Program and will have a documented QA program that complies with USEPA guidance document QAMS‑005/80.  The laboratory selected will be required to allow access by USEPA’s authorized representatives to the laboratory as well as laboratory personnel conducting the analyses.  Analytical methods to be used in the investigation and their reporting limits are listed in Appendix B (Tables B-1 through B-10, B-12, and B-13).  	Comment by Author: As stated in Comment No. 7, the project needs to have project specific analytical and QC specifications for each method independent of the lab.  


B.5	Quality Control Requirements


B.5.1	Field QC Procedures


Field QC samples are collected and analyzed to evaluate the quality of the field sampling process.  QC samples collected during the investigation will include (1) duplicate samples, (2) decontamination rinseate blanks, (3) trip blanks, and (4) matrix spike/matrix spike duplicates (MS/MSD).  All field QC samples will be submitted "blind" to the laboratory.  The laboratory may not use field blanks for duplicate analyses or for matrix spiking.  Because all field blanks will be submitted "blind," the particular field sample(s) to be used for duplicate and MS/MSD analyses must be specified to the laboratory.  These procedures are described in Section 6.8 of the FSP.	Comment by Author: As stated in Comment No. 8, the QAPP needs to specify the level of effort   (frequency) of field QC samples.


B.5.2	Laboratory QC Procedures


The designated analytical laboratory will follow all method-specific quality control measures, such as external and internal standard calibration procedures, instrument performance verifications, etc., which are suggested within any referenced method.  .  In addition, the laboratories performing the analyses will be required to submit documentation that all of the QC criteria were satisfied for all analyses.  The following sections provide a general description of general QC procedures that are typically required in most analyses.  In all cases, however, the specific QC requirements referenced in each analytical method must be followed.  Acceptance limits for laboratory spiked samples are in Tables 2 to 9.  Laboratory QC procedures are described in Section 6.8 of the FSP.	Comment by Author: As stated in Comment No. 8, the QAPP needs to specify the level of effort (frequency) of field QC samples


B.6	Instrument/Equipment Testing, Inspection, and Maintenance Requirements


Instrument maintenance logs will be maintained in the analytical laboratories at all times.  The logs should contain a schedule of maintenance, as well as a complete history of past maintenance, both routine and non-routine.


Preventative maintenance will be performed according to the procedures delineated in the manufacturer's instrument manuals including lubrication, source cleaning, detector cleaning, and the frequency of such maintenance.  Chromatographic carrier gas-purification traps, injector liners, and injector septa will be cleaned or replaced regularly.  Precision and accuracy data will be examined for trends and excursions beyond control limits to determine evidence of instrument malfunction.  Maintenance will be performed when an instrument begins to degrade as evidenced by the degradation of peak resolution, shift in calibration curves, decrease in sensitivity, or failure to meet one of the QC criteria.


Instrument downtime will be minimized by keeping adequate supplies of all expendable items, where expendable means an expected lifetime of less than 1 year.  These items will include gas tanks, gasoline filters, syringes, septa, gas chromatography columns and packing, ferrules, printer paper and ribbons, pump oil, jet separators, open-split interfaces, and mass spectroscopy filaments.


For field equipment, preventative maintenance will be carried out in accordance with procedures and schedules specified by the manufacturer.  In general, field equipment will be wiped clean at the end of each day, the probes (pH or conductivity) and turbidity vials will be thoroughly rinsed with deionized water.  All pH probes will be stored according to the manufacturer's instructions.  To minimize down-time, extra probes and batteries will accompany field equipment.


B.7	Instrument Calibration and Frequency


B.7.1	Field Calibration Procedures


Equipment used during the field activities will be operated, maintained, calibrated, and standardized in accordance with manufacturers’ recommended procedures.  Maintenance and calibration operations will be documented in the field notebook.  The serial number or other identification of each piece of equipment will also be recorded in the field notebook so that maintenance and calibration information can be traced back to individual instruments.  Each piece of field equipment will have a protocol package that contains, as appropriate, the following:


 Technical operating guidelines (TOGs)


 Routine preventative maintenance procedures including a list of critical spare parts to be available in the field


 Calibration methods, frequency, and description of calibration solutions


 Standardization procedures (traceable to known standards)


 Precision and accuracy assessment procedures.


Before first use, field equipment will be checked and calibrated to verify that it is in good working order.  Measurement data for water quality parameters will be compared with previous data and, if variations exceed 10 percent and cannot be accounted for by changes in field conditions and/or instrument variability, the measuring instrument will be recalibrated and the measurements repeated.  If, after recalibration, the variations persist, an alternate measuring instrument will be used to confirm the measurement.  For water level measurements, if the difference between the current water level and the historical measurement is greater than 1 foot, the current measurement will be repeated.


Scheduled periodic calibration of testing equipment will not relieve field personnel of the responsibility of employing properly functioning equipment.  If an individual suspects an equipment malfunction, the device must be removed from service, tagged so that it is not inadvertently used, and the appropriate personnel notified so that a recalibration can be performed, or a substitute piece of equipment can be obtained.


B.7.2	Laboratory Calibration Procedures


Laboratory calibration procedures are included in Appendix D.  At a minimum, the calibration procedures will be performed with the following level of effort:


 Initial calibration for all methods will include a three-point calibration before a run


 Continuing calibration for all methods will include a midrange calibration standard after every tenth sample.


B.8	Data Acquisition Requirements (Non-Direct Measurements)


Grab groundwater data collected during a 2002 deep source area investigation (Orion, 2012) will be used to compare to current data collected from the same locations.  If current data are of the same magnitude as the historical data, then the historical data can be used in lateral and vertical characterization of contamination at Benchmark.  The new data and 2002 data should be clearly differentiated in data summaries and figures.  Previously collected groundwater monitoring data will be used to assess long-term trends in groundwater contaminant concentrations. 


A potable well survey will be conducted as part of the investigation.  Data collected from the potable well survey will be used to evaluate (1) the potential for human health exposure to Benchmark-related contaminants from use or consumption of contaminated groundwater and (2) the presence of wells that act as conduits for the vertical migration of Benchmark-related groundwater contamination.


B.9	Data Management


Field data will be recorded on standard field data sheets such as field notebooks, sampling logs, and boring logs.  Field notebooks will be scanned at the end of each week.  Sampling and boring logs will be transferred to an electronic format.  The scanned and electronic format files will be kept in the project filesfile.  Laboratory data will be issued by the laboratory in electronic database or spreadsheet format as an electronic data deliverable (EDD) and full reports in portable document format (PDF) consistent with Adobe Systems, Inc., software format.  Data from the laboratory reports will be input to Excel spreadsheets, reviewed, and QC checked.  Reporting limits should be provided for all non-detect analytes.  If samples were analyzed at multiple dilutions to accommodate a few contaminants at high concentrations, then each analyte should be reported at the lowest dilution consistent with the instrument calibration range. Both the laboratory report and the Excel spreadsheets will be saved in the project file.  Electronic copies of the geophysical logs generated during the investigation will saved in the project file. in PDF, ASCII text, and Autocad (dwg) formats.  All field records and analytical reports will be uploaded to the Orion FTP website and members of the project team will be given access.  


Following data validation, all sample analyses will be provided to EPA as a data deliverable in the format provided by EPA for entry into the San Gabriel Basin database.  The Database deliverables will be provided at least quarterly.  The data will be stored in the database with all laboratory qualifiers and sample coordinates included.  All water level data from SZ-South monitoring wells will be provided to EPA to be entered into the San Gabriel database. 


A data review package will be prepared for EPA review at the completion of the borehole for each investigation point (soil boring and Hydropunch sampling location).  The data review package will include the following: 


 Lithologic log


 Geophysical borehole log (e-log), if available, including long- and short-normal resistivity logs, gamma log, and caliper logs.


 Photographs of the drill cuttings sample boxes or soil core, with sample depth labels


 Tabular summary of grab (discrete-depth) groundwater sampling data


 Tabular summary of soil physical property analysis


 A map showing the location of the investigation point


 Proposed well design (if a well is to be installed).


EPA and its consultant will review the data packages within 24 hours, and recommendations for the monitoring well construction will be discussed and agreed upon by conference call with Northrop Grumman, Orion, EPA, and CH2M HILL staff (and other stakeholders, as necessary). 





· [bookmark: _Toc58483][bookmark: _Toc7489212][bookmark: _Toc179779513]
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GROUP C – ASSESSMENT/OVERSIGHT


C.1	Assessments and Response Actions


The corrective action system used during the field activities has been designed to quickly identify problems and solve them efficiently.  The Orion Project Manager is responsible for the direction of this system and receives full support from Northrop Grumman management for its implementation.  The essential steps of the corrective action system are:


 Identify and define the problem


 Assign responsibility for investigating the problem


 Determine a corrective action to eliminate the problem


 Assign and accept responsibility for implementing the corrective action


 Implement the corrective action


 Verify that the corrective action has eliminated the problem


 Document the problem, the corrective action taken, and its effectiveness in eliminating the problem.


[bookmark: _Toc58484][bookmark: _Toc7489213][bookmark: _Toc179779514]If quality issues arise, EPA may implement a field audit to evaluate: 


 The execuation of sample identification, chain-of-custody procedures, field notebooks, sampling procedures, and field measurement. 


 Whether trained personnel staffed the sample event;


 Whether equipment was in proper working order  (i.e. calibration)


 Availability of proper sampling equipment


 Whether appropriate sample containers, preservatives, and techniques were used


 Whether sample packaging and shipment were appropriate


 Whether QC samples were properly collected.


If analytical issues arise, EPA will:


 Review the data validation packages in detail.


 Perform a lab audit of analytical lab


 Provide specific recommendations for changes to laboratory analytical procedures.


C.1.1	Reporting and Resolution of Issues


[bookmark: _Toc58563]Corrective Action Resulting from Routine Activities


Deficiencies found during normal routine activities will be resolved by implementing corrective action as part of normal operating procedures by staff.  Corrective actions of this type will be noted in the field or laboratory log; no other formal documentation is necessary unless further corrective action is required.  If normal procedures do not solve the problem, the staff will document the problem in a formal memo addressed to the QA manager and copied to the project file.   Corrective action may include the following:	Comment by Author: Who is the QA Manager?  This position has not been described in Section A.1.


 Reanalyzing samples if holding time criteria permit


 Resampling and analyzing


 Evaluating and amending sampling and analytical procedures


 Accepting data acknowledging a level of uncertainty.


[bookmark: _Toc58564]Corrective Action Resulting from QA Audits


Deficiencies encountered during a QA audit will be corrected as soon as possible.  The Orion Project Manager is responsible for completion of appropriate corrective action.  The following procedures will be used to expedite corrective action:


 Auditor verbally notifies the Orion Project Manager and field personnel immediately during audits of deficiencies found


 Orion Project Manager institutes corrective action as soon as possible


 Orion Project Manager distributes the audit report promptly.


 The USEPA RPM will be notified if nonconformance is of program significance or requires special expertise not normally available to the project team.  In such cases, USEPA will decide what corrective action should be pursued.    


C.2	Reports to Management


[bookmark: _Toc58485]All project staff will be responsible for maintaining communication with the Orion Project Manager and for identifying any issues that may affect the usability of the data and the decisions that are based on the data.  Northrop Grumman project management will be kept informed through daily verbal and/or written communication.  USEPA project management will be kept informed on a frequent schedule as well, weekly at a minimum and more frequently as needed.  Monthly progress reports to USEPA will be prepared to summarize overall project activities and any problems encountered.  


The Orion Project Manager will monitor laboratory performance and compliance with QA requirements.  The laboratory will be subject to an onsite audit, if necessary.  Results of such audits will be documented, shared with the project team and regulatory agencies, and placed in the project files.


If QA issues are prevalent and affect the quality of the RDI data, EPA may request that a QA report be prepared on the performance of sample collection, sample analysis, and data quality.  This report will include:


 Assessment of measurement data accuracy, precision, and completeness


 Results of performance audits


 Results of systems audits


 Significant QA problems and recommended solutions





An RDI Report will be prepared at the completion of the investigation to summarize and interpret the data collected.  The report will include, but not be limited to, the following:


 Summary of the scope of the investigation


 Changes to planned field procedures


 A map showing boring,  and well, and sample locations


 Well logs, geophysical logs, and well construction diagrams


 Updated cross sections incorporating new borings and wells


 Updated and contoured groundwater plume maps for each individual hydrogeologic unit


 UpdatedUpdate source area map


 Planned modifications to the current groundwater extraction system


 Technical analysis including a draft groundwater modeling report.


 
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GROUP D – DATA VALIDATION AND USABILITY


D.1	Data Review, Verification, and Validation Requirements


The verification process will involve the evaluation of the data with respect to TOGs and project requirements, whereas the data validation process will involve the evaluation of the technical usability of the data.  The results of the data validation will determine the level of uncertainty associated with the analytical results to be used in the decision-making process.  Reduction of laboratory measurements and laboratory reporting of analytical parameters will be in accordance with the procedures specified for each analytical method (i.e., laboratory calculations will be performed in accordance with the method-specific procedure).  The requirements set forth in Tables 2 to 9 will be used as the basis for data validation.


USEPA Data Validation Functional Guidelines (USEPA, 1999 and 2004) will be used in conjunction with the requirements set forth in Tables 2 to 9 to establish analytical data quality.  All method deviations and reporting or calculation variances will be fully documented by the project laboratory.  Technical personnel qualified in data validation procedures will be responsible for data verification and validation.


[bookmark: _Toc193259005]D.2	Validation and Verification Methods


The data collected will be validated in accordance with laboratory-specific limits, methodology, USEPA inorganic data guidelines (USEPA 2004), and/or USEPA organic data guidelines (USEPA, 1999), whichever are applicable.


Data quality and utility depends on many factors, including sampling methods, sample preparation, analytical methods, quality control, and documentation.  Subcontractors, such as laboratories, must be advised of all applicable documentation and procedural requirements.  Once the data are assembled, satisfaction of all validation criteria will be documented as listed below.  Chemical data must meet criteria of (1) quantitative statistical significance, (2) custody and document control, and (3) sample representativeness.  Physical data include (1) sampling location, time, and personnel; (2) documentation; and (3) methodologies.  Data validation and assessment of analytical data will be performed by technical personnel under the supervision of the Orion Project Manager.


Documentation may be either direct (e.g., listing of dates, names, methodologies, etc.) or by reference to existing documents.  Any reference documents will be specifically identified.  The precise and retrievable location of nonstandard documents (e.g., in-house procedures manuals, chain-of-custody forms, laboratory reports) will be stated. 


To determine the quantitative statistical significance of chemical data, the following items will be documented as appropriate (e.g., with laboratory records, laboratory standard operating procedures by reference to an approved manual, or with equipment manufacturer/supplier records):


 Laboratory/field instrumentation, including calibration data, standard methods, and references


 Proper sample bottle preparation


 Laboratory analysis methods, including reference methods


 Laboratory analysis detection limits


 Verification of standards using USEPA or National Bureau of Standards reference materials


 Analysis of laboratory blanks, spikes, duplicates, etc., as specified herein


 QC limits shall be consistent with the limits specified in Tables 2 to 9


 Analysis of field duplicates, blanks, and other field QC sample types as specified herein.


To evaluate the custody and document control for samples and results, the following items will be documented:


 Field custody noted in field log or transfer-of-custody documentation for sample collection, handling, and shipment


 Laboratory custody documented by transfer-of-custody documentation from either field personnel or shipper


 Laboratory custody documented through designated laboratory sample custodian with secured sample storage area


 Traceability of sample designation number(s) through entire monitoring system


 Maintenance and storage of all field logs, laboratory data, and all custody documents


 Completion of all forms and logs (indelible ink without alterations except as crossed-out [not erased] and initialed)


 Identity of sample collector


 Dates of sample collection, shipping, and laboratory analysis.


In some cases, the handling of a sample while in the custody of one individual may not be properly documented.  In addition, written documentation of transfers of custody between two individuals may be lost.  In such cases, it may be necessary to rely on the custodian's verbal testimony that the sample remained secure or that a transfer was made to another individual.  If there is any chance that the custodian's testimony will be seen as unreliable, the data produced as a result of that sample may be rejected.


The existence of appropriate and proper documentation associated with a sample's analysis may be judged as acceptable in a court of law; however, the possibility exists that individual testimony as to the proper application of all procedures may be required as well.


To determine sample representativeness, the following items must be checked:


 Compatibility between field and laboratory measurements or suitable explanation of any discrepancy


 Sample preservation technique and holding time


 Sample storage within suitable temperature, light, and moisture conditions


 Use of proper sample containers (e.g., inert for the parameter(s) of interest)


 Use of proper sample collection equipment


 Use of proper decontamination procedures


 Use of proper laboratory preparation techniques (e.g., aliquoting, digestion, extraction)


 Evaluation of proper sample site selection criteria to provide representativeness.


To evaluate the physical data that support the analytical data, the following items will be documented.


 Sampling date and time


 Sampling team, observation taker and recorder, and team leader


 Sampling location and physical description (e.g., private or public; asphalt, concrete, or soil; industrial, commercial, or residential; etc.)


 Sample depth increment for soil and soil gas samples


 Sample collection techniques


 Field preparation techniques (e.g., compositing, etc.)


 Visual classification of soil sample using the USCS.


Review of data obtained from field measurements (e.g., pH, turbidity, conductivity, and temperature) taken during the field activities will be performed by the project engineers, chemists, geochemists, geologists, or other qualified personnel and the field manager.  Validity of all data will be determined by checking calibration procedures utilized in the field as appropriate, and by comparing the data to previous measurements obtained at the specific site.  Large variations (greater than 10 percent from historical measurements) will be evaluated in association with changes in local soil conditions and general trends.  Variations in data, which cannot be explained, will be assigned a lower level of validity and will be used for limited purposes.  The project engineers, chemists, geologists, or geochemists and the field manager will summarize the data obtained from field measurements and will include this information in the field logs.


D.3	Reconciliation with Data Quality Objectives


The Orion Project Manager will be responsible for reconciling the results of this investigation with the ultimate use of these data.  Assessment of data for precision, accuracy, and completeness will be per the quantitative definitions described in Section A.4.2.  The Orion Project Manager will complete the following activities in coordination with the project team:


1. Review the data with respect to the sampling design.


2. Review the data verification and validation reports.


3. Evaluate if the DQOs from Section A.4 have been met.  If they have been met, then the user requirements have been met.  If they have not been met, then corrective action will be established.


4. Draw conclusions from the data.
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APPENDIX A


CONCEPTUAL SITE MODEL


The conceptual site model (CSM) has been prepared to provide a basic framework for describing the site conditions, discussing differing interpretations of the hydrostratigraphy, and identifying data gaps to meet the remedial objectives for the site.  


Background


Unilateral Administrative Order 2011-14 (UAO) was issued to Northrop Grumman Systems Corporation (Northrop Grumman) by U.S. Environmental Protection Agency (USEPA) on 16 September 2011 (USEPA, 2011).  As defined by USEPA in the UAO, the “Shallow Zone South of Puente Creek (SZ-South) shall mean the shallow zone of the Puente Valley Operable Unit (PVOU) aquifer, as referenced in the Record of Decision and Explanation of Significant Differences (ESD), that lies south of Puente Creek and is bounded on the east, west, and south by the extent of shallow zone contamination.  Puente Creek, a surface water reconveyance channel located in Los Angeles County, lies above the underlying shallow zone groundwater and shall serve as the northern physical boundary for the Shallow Zone South of Puente Creek remedy” (Figure 1).  The former TRW Benchmark site (Benchmark) is located in the area defined as the SZ-South.  There are other sites located in the SZ-South that have contributed to the SZ plume and are not discussed in this CSM.


Sources of Contamination 


The Benchmark facility (the property) was used for manufacturing and assembly of printed circuit boards from 1955 through mid-1989.  Activities at the site that used chemicals included plating, etching, photographic processing, degreasing, distillation, and neutralization.  Before 1955, the property was used for agricultural purposes (Woodward-Clyde, 1992).  There are no records of historical releases that occurred.  It is assumed that releases occurred at areas of chemical uses, transportation between storage and areas of use (above grade and below grade piping), and waste treatment or disposal areas (tanks and clarifiers).  The soil remediation activities conducted in 1990 and 1991 identified several areas (chromium sump, wastewater clarifiers on northern property boundary and northeast corner of property, and Areas C,E, F, J, and L) described below, where impacts were present at depth and had the highest potential to impact groundwater (Woodward-Clyde, 1992).


The available information on historical property and chemical use is based on interviews with Benchmark facility manager conducted in 1986 and long-term facility employees in 1987 (Woodward-Clyde, 1988).  Woodward-Clyde Consultants (Woodward-Clyde) defined several areas of former chemical use and storage, designated on Figure 2 as Area A through Area L.  


Chromium, Copper, and Cyanide Usage


[bookmark: OLE_LINK1]Blank printed circuit boards were coated in copper, which was removed by chemical etching, leaving only the desired copper traces.  Etching was performed by using various types of acids, including chromic acid.  The etchant eventually became saturated with copper and was regenerated or replaced.  Once the copper concentration in the etchant reached a general saturation level, the solution was sent to cooling tanks, located at the southwest corner of building No. 3 (Figure 2), to allow the copper to precipitate.  Spent chromic acid was neutralized in the chrome sump before discharge to the sewer.  Neutralized solution was discharged to the sewer and chromium sludge was reclaimed off site.  The chrome sump was located between Areas A and B (Figure 2).  Spent chromic acid was also stored in the spent acids and caustics storage area located in the northeastern portion of the property.  A deep chrome excavation was performed in this area indicating that this was a chromium source as well (Woodward-Clyde, 1992).	Comment by Author: Where were the plating and etching activities performed at Benchmark?	Comment by Author: The map showing the locations of the soil excavations for chromium and copper should be included in the CSM.	Comment by Author: A second area of chromium-contaminated soil excavation is located at the eastern corner of the property (between W7 and W18.


Process wastewater containing high levels of copper was sent to a clarifier located west of Area D before discharge to the sewer (Figure 2).  Because of green soil encountered during demolition, this clarifier became known as the “copper sump.”  The copper sludge was sent off site for reclamation.  Another wastewater clarifier was installed in the northwest corner of the site west of Area C in 1968 (per verbal communication with the plant manager in 1986; Figure 2), and may also have been a potential source of copper.  This area was also referred to as the acid neutralization tanks (Woodward-Clyde, 1992).  There are two locations at Benchmark where deep copper excavations were performed due to elevated copper concentrations: (1) in the location of the “copper sump” near Area D and (2) near Areas E and L (Woodward-Clyde, 1992).  


Cyanide is a compound that was typically used in the printed circuit board plating process to help maintain a constant metal ion level and increase the conductivity of the solution.  Cyanide may have been used at Benchmark in the copper plating bath, which would have been located inside the former manufacturing building in the northwestern portion of the property.  As stated above, there are two locations at Benchmark where deep copper excavations were performed (Areas D and E/L).  Due to the use of cyanide in the copper plating bath, these locations may also be potential sources of cyanide.  Cyanide may also have been present in the wastewater from the plating process, making the wastewater clarifier installed in the northwest corner of the site west of Area C a potential source as well.	Comment by Author: The location of the industrial wastewater sewer line for the former Benchmark facility should be shown on a map. 


Spent Acids and Caustics


Spent acids and caustics used as etchants and plating solutions at the site are the likely source of copper, chromium, and cyanide in soil and groundwater.  Spent acids and caustics were stored in tanks located in Area E.  The fresh acid and caustic storage was moved in 1983 to five tanks located near the manufacturing building (Figure 2).  


Spent acids and caustics were also temporarily stored in drums, before batch treatment in the facility reclamation system, within the fenced enclosure on the easterly side of the property (Figure 2).  Following initial reclamation, the remaining sludge was returned to the supplier of the acids and caustics for further reclamation and final disposition.  The fenced area on the eastern side of the property was also used for empty chemical drum storage.  Spent acids and caustics used during the cleaning steps of the printed circuit board manufacturing process were sent to the acid neutralization tanks to be neutralized before discharge to the sewer.


Solvent Usage


Several solvents were used in the manufacturing processes at the facility since 1955.  According to Benchmark personnel, solvent use, storage, and regeneration occurred at the property in the following areas:


· Solvent Strippers (Areas A and B)


Toluene and xylenes were used as strippers from approximately 1956 to 1967.


· Degreasing Process (Areas B and C)


Trichloroethene (TCE) was used in a degreaser from 1961 to 1969.


· Storage Area (Area D)


TCE was stored in a 3,000-gallon bulk storage tank.


· Aboveground Storage Tanks (Area E; methylene chloride and 1,1,1‑trichloroethane [1,1,1-TCA])


A tank farm with multiple above ground tanks was installed in the mid-1960's.  A still system for the reclamation of spent methylene chloride and a tank for sludge (1,1,1‑TCA and methylene chloride) were also located in this area.  


· Underground Piping Runs (Area F; 1,1,1-TCA and methylene chloride)


Three pipes carried 1,1,1-TCA and methylene chloride between the tank farm (Area E) and the manufacturing building in the mid 1960s.  The pipes were enclosed inside a 5-foot-diameter, concrete-lined, subsurface utility tunnel.  Two pipes carried fresh 1,1,1-TCA and methylene chloride to the building, and one pipe carried spent methylene chloride back to the still.


· Solvent Strippers (Areas G, H, and I; methylene chloride)


Methylene chloride was used in the solvent strippers located in Area G and Area H from the mid-1960's.  In 1983, the two strippers were moved to Area I and operated until 1985, when the use of methylene chloride at the facility was discontinued.


· Developer and Still (Area J; 1,1,1-TCA)


1,1,1-TCA was used in the developer in the photo process room from the early 1970's until the mid-1980's.  Reclamation of spent 1,1,1-TCA was conducted in the still at the same location.  1,1,1-TCA was stored in 55‑gallon drums in this area in 1987.


· Stripper Processes (Area K; methylene chloride)


Methylene chloride was used in open pans in the equipment shed, at one end of the chemical storage building, from the late 1960's to the mid-1970's.  This area also included a metal holding tank for the recirculation of water used in the rinsing of a soluble hot oil treatment.


· Storage Area (Area L; methyl ethyl ketone [MEK], acetone, and isopropyl alcohol)


Other chemical storage at the facility was in Area L, where flammable liquids (MEK, acetone, and isopropyl alcohol) were stored from the mid-1960's to 1983.  These chemicals were dispensed in a metal shed constructed in 1983 as the flammable liquid dispensing area (Figure 2).


· Storage Area (tanks on east side of building)


In 1987, there were five tanks on the east side of building number 3 that stored both fresh and spent non-chlorinated compounds (Figure 2).


· Wastewater Clarifier (northwest corner of the site west of Area C)


In 1968, a wastewater clarifier was installed in the area of the acid neutralization tanks (Figure 2).  Wastewater containing chlorinated compounds, acids, and metals were piped to the clarifier.	Comment by Author: Please show the exact location of the clarifier and the sewer line leading from the clarifier. 


The use of solvents at the facility had decreased significantly or had been eliminated as of 1985.  The amount of annual solvent usage at the property from 1980 to 1986, as documented in annual reports to the South Coast Air Quality Management District, is presented in the following table (Woodward Clyde, 1992).  


			Solvent


			Amount Used Annually 1980 to 1986 (in gallons)





			


			1980


			1981


			1982


			1983


			1984


			1985


			1986





			1,1,1-TCA


			17,000


			Not Available (NA)


			8,000


			7,000


			9,000


			2,000


			965





			Methylene Chloride


			29,500


			NA


			21,000


			24,000


			39,000


			8,000


			0





			MEK


			275


			NA


			160


			300


			610


			385


			165





			Isopropyl Alcohol


			0


			NA


			50


			150


			20


			5


			8








In 1985, an aqueous process using soda ash replaced the previous process that used 1,1,1‑TCA as a developer and methylene chloride as a stripper (Woodward-Clyde, 1988).  A small amount of 1,1,1‑TCA was reported to be used as a degreaser in the developer and still area in 1987.  Figure 2 illustrates the areas of solvent use, in addition to the other chemical storage.  The aboveground storage tanks and the associated underground pipes were no longer in operation for the storage and transport of solvents in 1987.


Contaminants of Concern 


Several chlorinated solvents and other chemicals were used in the manufacturing processes at Benchmark throughout its history (Woodward-Clyde, 1987 and 1988) including:


			· Acetone


			· Toluene





			· Chromium


			· TCE





			· Copper


			· 1,1,1-TCA





			· Cyanide


			· Chromic Acid 





			· Isopropyl Alcohol


			(hexavalent chromium)





			· Methylene Chloride


			· Unknown Caustics





			· MEK


			· Xylenes








Contaminants of concern (COCs) include the following:


· Chemicals used on site during the manufacturing process (listed above)


· Breakdown products of chlorinated solvents that degrade over time following abiotic or biotic pathways including 1,1‑dichloroethene (1,1-DCE; an abiotic breakdown product of 1,1,1-TCA), 1,1-dichloroethane (1,1-DCA), 1,2‑DCA, cis-1,2-DCE, trans-1,2-DCE, vinyl chloride, bromoform, chloroform, and chloromethane


· Chemical additives such as 1,4-dioxane, which was added to 1,1,1-TCA as a stabilizer for storage and transport, or compounds that potentially could have been present in small amounts as impurities in the source solvents, such as tetrachloroethene (PCE), 1,1,2,2-tetrachloroethane, and 1,1,2‑TCA


· Other regional chemicals of concern detected in PVOU groundwater including dichlorodifluoromethane, trichlorofluoromethane, arsenic, and nitrate.


A list of target compounds for the SZ-South is included in Tables B-1 through B-10, B-12 and B-13 of Appendix B.


Site Physical Characteristics 


The property was not developed before 1955 (aerial photography review, Woodward-Clyde, 1988).  According to Benchmark personnel, the manufacturing building was constructed in three phases in 1955, 1960, and 1967 (Figure 2; Woodward-Clyde, 1988).  The paving sequence had a similar history, with all of Lot 5 and half of Lot 6 paved in 1957, and the remainder of Lot 6 and all of Lot 7 paved in approximately 1970 (Figure 2).  Surface drainage at the property was conducted through concrete gutters, which ran to the west toward Turnbull Canyon Road, parallel with the manufacturing building.  The manufacturing building and all paving were demolished in 1990 before soil remediation activities began.  From 1990 to 1999, the property was unpaved and used for soil and groundwater remediation activities.	Comment by Author: Where is the discharge point? This could be the source of contamination detected west of the property, at W17/W20


In September 1999, Trammell Crow Company (the current property owner) redeveloped the property.  A concrete tilt-up building measuring 210 feet by 880 feet (approximately 185,000 square feet) was constructed over a majority of the property.  The building is used as a warehouse.  The remaining areas of the property are paved.


The area between the property and Nelson Avenue is mostly commercial/industrial properties and roadways.  The majority of this area is either covered by buildings or paved.  The area between Nelson Avenue and Puente Creek is residential and includes unpaved areas around the homes.


Topography


The property is located in the southernat the mouth of the Puente Valley, a sub-basin of the San Gabriel Valley in the northern portion of the Los Angeles Basingroundwater basin.  The San Gabriel vValley is bordered by the San Gabriel Mountains to the north and by a crescent-shaped series of low hills from the southwest to southeastconsisting of the Puente Hills and the San Jose Hills. The only significant divide along this boundary is the Whittier Narrows, which is the lowest point in the San Gabriel Basin and it serves as the surface water and groundwater discharge locale for the basin (California Department of Water Resources [DWR], 1966).





The Puente Valley is a “horn-shaped” valley that opens into the main San Gabriel Basin on the west and on the north.  Puente Valley is bounded to the north by San Jose Hills and to the south by Puente Hills. The ground surface elevations in Puente Valley range from about 800 feet above mean sea level (MSL) at the eastern boundary to about 300 feet MSL where it meets the main San Gabriel Basin (CH2M HILL, 2011).   





 The ground surface elevation at the property and north to Puente Creek is relatively flat with elevations ranging from 308 to 314 feet above mean sea level (msl) from the west to the east at the property and from the property north to Puente Creek.  


Regional and Sub-Regional Hydrogeology


The principal water-bearing formations of the main San Gabriel Valley Basin are unconsolidated and semi-consolidated sediments which range in size from coarse gravel to fine-grained sands. These water- bearing sediments extend from a few hundred feet thick along the edges of the Basin to more than 4,000 feet thick near the center of the Basin and are surrounded and underlain by relatively impermeable marine sedimentary bedrock.  


The Basin’s major sources of natural recharge are infiltration of rainfall on the valley floor and percolation of runoff from the adjacent mountains. The Basin also receives imported water and return flow from applied water.  Subsurface groundwater flow into the San Gabriel Basin occurs across the Raymond Fault in the northwest, the Sierra Madre Fault in the north, and the Cucamonga Fault in the northeast.  


Except where large pumping centers create depressions in the water table, groundwater generally flows from the perimeters of the Basin toward Whittier Narrows and from there into the Central Basin.  Most of the surface streams in the San Gabriel Basin are concrete lined except the San Gabriel River and an approximately three-mile reach of the Rio Hondo.  Stream-channel recharge of groundwater only occurs along the unlined stretches through the bottom of the stream channels.  Other surface water features include several lakes in the vicinity of Whittier Narrows and groundwater spreading facilities within the Main San Gabriel Basin, predominantly in the northern part of the San Gabriel Basin near Azusa.  These surface water bodies and spreading basins also recharge the groundwater aquifer in the Main San Gabriel Basin (CH2M HILL, 2002).  


The alluvial sedimentary deposits found in the Puente Valley are primarily derived from consolidated marine sedimentary rocks in the Puente and San Jose Hills.  These deposits range in thickness from approximately 1,300 feet in the northwest, near the mouth of the valley where it meets the Main San Gabriel Basin, to less than 25 feet in the eastern portion and along the Puente Valley perimeter.  In general, the alluvial sediments in the Puente Valley are finer-grained and have higher clay contents than deposits found in the Main San Gabriel Basin.  Specifically, the Puente Basin consists predominantly of fine-grained sediments with interbedded coarser-grained lenses.  These units are generally discontinuous, but local lenses of sand and gravel are hydraulically connected at a regional scale in some locations.  Near the mouth of Puente Valley, a transition in sediment composition from fine- to coarse-grained facies occurs where the valley meets the Main San Gabriel Basin.  The bedrock underlying the alluvial sediments in Puente Valley is composed primarily of relatively impermeable consolidated marine sedimentary rocks.  


Although the coarse-grained units are generally discontinuous, three primary relatively higher permeability zones within the Puente Valley were identified during the initial Remedial Investigation/Feasibility Study (RI/FS) (CH2M HILL, 1997) based primarily on hydrologic and water quality data from monitoring wells installed throughout Puente Valley.  These relatively higher permeability zones are referred to as the shallow, intermediate, and deep zones.  Relatively finer-grained confining layers dominated by silt and clay, separate and contribute to localized vertical head and water quality differences between aquifer zones.  


The hydrostratigraphy in the mouth of valley area dips to the north and west, as the geology of Puente Valley transitions to the main San Gabriel Basin; therefore, the depths of the hydrogeologic units increase to the north and west.  


Groundwater discharge from the Puente Valley includes subsurface groundwater flow from the Puente Valley into the main San Gabriel Basin from there to Whittier Narrows, discharge of shallow groundwater into the bottom of San Jose Creek, and pumpage from several large public water supply wells in the B7 Well Field located at the mouth of the Puente Valley.  The B7 well field includes San Gabriel Valley Water Company’s (SGVWC’s) wells B7, B9 and B11 and Suburban Water Systems’ well 147W3.  While all of these wells extract most of their water from the deep zone, some of the wells also get a substantial amount of water from the intermediate zone. 


Subsurface Lithology andLocal Hydrogeology


The SZ-South covers approximately 170 acres and is situated in the cities of Industry and La Puente in eastern Los Angeles County, California.  A series of investigations and testing have been conducted between the property and Puente Creek (SZ-South) from 1987 to the present.  The lithology beneath the property and vicinity has been investigated to a depth of approximately 300 feet during previous site investigations conducted by Woodward-Clyde and Orion Environmental Inc. (Orion; Table A-1).  A list of past data collected for the project is included in Table A-2.  The subsurface in the SZ-South consists of alluvial valley sediments that have been deposited from the surrounding highlands within the Puente Basin, which is a sub-basin of the larger San Gabriel Basin.  The subsurface sediments are composed of alluvial deposits that range from coarse sands and gravels to fine-grained silts and clays.  The water bearing sediments are considered Pleistocene to Recent in age and extend to depths of approximately 200 to 800 feet below ground surface (bgs).	Comment by Author: Table A-1 does not appear to contain information relevant to the referenced investigation, i.e., to 300 feet depth


Previous studies have characterized the aquifer in the vicinity of the former Benchmark facility into three permeable zones separated by relatively impermeable units:  Zones A, B, and C, with Zone A defined as the saturated interval from water table to 60 ft bgs, Zone B from 80-90 ft to 115 ft bgs, and Zone C from 150 ft to 200 ft bgs. This hydrostratigraphic model, however, is inconsistent with the regional hydrostratigraphic model where the PVOU aquifer is characterized into shallow, intermediate and deep production zones and the general understanding that the hydrostratigraphic units in the mouth of the valley dip to the north and west. Additional field data are needed in order to develop a more robust hydrostratigraphic model for SZ-South remedy. This hydrostratigraphic model should be tied into the hydrostratigraphic model for the PVOU SZ and IZ regional remedies.


Groundwater


The depth to groundwater in the vicinity of the property varies over time due to seasonal drought and recharge events as well as regional recharge trends.  Graphs of historical water-level elevations vs. time from 1987 to present for selected wells are shown on Figure 3.  The highest water table elevations were observed from 1995 into 1999.  Depth to groundwater (i.e., the water table) measurements in December 2011 varied between 34 to 48 feet bgs at the property to about 67 to 70 feet bgs along Nelson Avenue.  A general downward hydraulic gradient (piezometric head differences of 6 to 10 feet) is observed between the more permeable sand units, which are typically interbedded with lower permeability silts and clays.  The only noted exception to this trend is an upward gradient observed on Flagstaff Street between wells PZ-1 (screened from 116 to 121 feet bgs) and PZ-2 (screened from 125 to 140 feet bgs), where well PZ-2 has a higher piezometric head value by approximately 1 foot. 


Hydraulic conductivities vary greatly both vertically and horizontally due to the variable amount of fine-grained sediments present.  Transmissivity based on pump tests in the extraction wells on Nelson Avenue (Orion, 2007) ranges between 4,800 to 16,100 gallons per day per foot (gpd/ft; 6.9 to 23.1 centimeters squared per second [cm2/sec]) with an average of four tests being 12,175 gpd/ft (17.0 cm2/sec).  Transmissivity determined from a pump test at onsite well W9 (Woodward-Clyde, 1994) is 112.2 gpd/ft (0.1612 cm2/sec). Hydraulic conductivity values were not reported; however, the hydraulic conductivity values will be estimated as part of this RDI.	Comment by Author: Missing in References


During drilling operations at some locations, some layers were identified that exhibit very dense properties not typical of alluvial sand deposits.  In a meeting on 31 January 2012, the California Department of Toxic Substances Control suggested that these dense areas may be evidence of compaction from faulting activity in the basin.  	Comment by Author: Please specify what properties, e.g., measured density? Or soil resistance to drilling?


Groundwater flow direction can vary from one permeable sand unit to the next, but the general flow direction is to the north, and becomes more northeasterly in the northern portion of the SZ-South area near Nelson Avenue (Figure 4 from 2011).  The average horizontal hydraulic gradient has varied from about 0.007 to 0.009 foot per foot.  The flow direction, as measured in the second sand interval (Zone B), has exhibited little variation over the past 20 years, even though piezometric heads in this interval have varied more than 20 feet (Figures 5 and 6 from 1992 and 2002, respectively).  


Contaminant Distributions and Pathways


Migration of contaminants in the subsurface is strongly influenced by the more permeable units and by the vertical hydraulic gradients.  Contaminant migration begins in the vadose zone at the point of release and then migrates vertically to the water table.  Because utility pipelines carried, tanks stored, and operations used pure solvents, leaks likely included solvents in the form of dense non-aqueous phase liquids (DNAPLs). Some of the fugitive chlorinated solvents as DNAPLs, due to their greater density and lower viscosity compared to water, and low solubility in water, reached deeper depths as a result of continued vertical migration of contaminants throughinto the saturated zone. The downward DNAPL migration is expected to effectively stop when its saturation in soil decreases and the DNAPL becomes discontinuous. The discontinuous DNAPL trapped in the pore space then serves as a continuous source for solvents dissolved in groundwater.  Migration of the dissolved contaminants is then influenced by the horizontal permeability of the sand units and flows with the groundwater gradient.  Figure 4 shows potentiometric surface contours for Zone B and section lines for cross sections D-D’ through G-G’.  Cross sections D-D’ (Figure 7) and E-E’ (Figure 8) are drawn along the groundwater flow path from south to north.  Cross sections F-F’ (Figure 9) and G-G’ (Figure 10) are drawn roughly perpendicular to flow along Valley Boulevard and Nelson Avenue, respectively.  As noted on the well logs and cross sections, the thickness and areal extent of the sand units vary substantially across the SZ-South site area.  This has allowed for migration both horizontally as well as vertically to other permeable sand units as downgradient migration occurs.  These conditions also result in narrow zones of contaminant migration along the more permeable pathways.  Figure 11 illustrates an interpretation of contaminant distribution in a plan view across the SZ-South site area.


Historical groundwater monitoring results show that the shallow-most saturated interval beneath the property, extending from the water table to a depth of about 60 feet bgs (referred to as “Zone A”), contained the highest concentrations of volatile organic compounds (VOCs) and 1,4‑dioxane.  Graphs of historical VOC concentration data in selected wells are shown on Figures 12-1 through 12-8.  In 1992, 1,1,1‑TCA concentrations were over 100,000 micrograms per liter (g/l) in onsite well W3.  The original onsite groundwater treatment system extracted groundwater from the shallow-most zone from 1996 to 2004.  The uppermost sandy portion of this zone dewaters during periods of drought, which periodically limited sustained extraction from the onsite treatment system.  Vacuum was also applied to the onsite groundwater extraction wells, so as water levels declined, soil gas was extracted through the well screen.  The groundwater extraction program was just one aspect of a remedial system that involved soil removal and soil treatment followed by operation of a soil vapor extraction (SVE) system from 1992 to 2007.


The trend graphs illustrate the impact that the onsite remedial system had in reducing VOC concentrations.  VOC concentrations in onsite monitoring wells W8 and W9 vary seasonally.  During the December 2011 sampling event, well W8 contained the highest 1,1,1-TCA, 1,1-DCE, and 1,4-dioxane concentrations of 5,200, 2,300, and 1,600 g/l, respectively.  However, VOC concentrations in well W8 were 10 times greater in the 1990’s, and have decreased by 90 percent from 1992 to 2011.  VOC concentrations in other onsite shallow zone wells, such as W3 and W10, have decreased by 99 percent or more from the 1990’s through 2011.


The presence of deeper contamination (70 to 80 feet bgs) has been observed since 1992 in the area to the west of the property in well W20.  In the early 1990’s, this well had TCE concentrations greater than 10,000 g/l which have since decreased more than 90 percent to 410 g/l in 2011.  In 1998, VOCs were detected in deeper well W11 (screened from 88 to 98 feet bgs), installed adjacent to well W3 on the property, but at substantially lower concentrations than in the shallower wells.  TCE concentrations in well W11 have declined more than 90 percent, from 190 g/l in 1990 to 18 g/l in 2011.  Evidence of deeper contamination in the areas where a former release occurred was also observed during a cone penetration test (CPT) investigation conducted in 2002 and a deep soil investigation conducted in 2004 (Orion, 2012).  The 2002 CPT data, 2002 groundwater data, and 2004 soil sampling results are shown on Figures 13 through 17, which also show the varied stratigraphy of sand, silt, and clay layers at the property and the distribution of contamination observed at that time.  Boring CPT-6 was advanced in the vicinity of a former 1,1,1-TCA usage area and had the highest observed grab groundwater concentration of 1,1-DCE of 17,000 g/l at a depth of 73 to 76 feet bgs (note that 1,1-DCE is an abiotic degradation product of 1,1,1-TCA).  Since 2004, the only groundwater data collected from the former source areas have been from existing monitoring wells.  Confirmation sampling of the soil and groundwater beneath the former source areas is required to determine the amount of residual mass present there today.	Comment by Author:  Incorporate a brief discussion of the prior release of DNAPL solvents, vertical migration, and subsequent source areas as a result of DNAPL residuals within the saturated zone. 


During the December 2011 groundwater sampling event, the highest hexavalent chromium concentrations in groundwater on site were reported at wells W3/W11 (9.1 and 13 g/l, respectively) and W9 (18 g/l).  These wells are in the same location as the former wastewater treatment facilities identified above.  Figure 18 illustrates an interpretation of hexavalent chromium distribution in a plan view across the SZ-South site area.  Currently, there is no federal or state maximum contaminant level (MCL) specific to the hexavalent form of chromium.  Hexavalent chromium is regulated in drinking water through the establishment of a total chromium MCL (hexavalent chromium is one of the forms of chromium making up total chromium).  The state MCL for total chromium is 50 parts per billion (ppb), while the federal MCL is 100 ppb.  California Department of Public Health (CDPH) is required by state law to set an MCL for hexavalent chromium and to set the MCL as close to the public health goal (PHG) as possible, taking into account technical feasibility (e.g., detectability and treatment) and costs.  Although CDPH has been gathering data associated with hexavalent chromium occurrence, treatment, and costs, the adoption of an MCL requires the state Office of Environmental Health Hazard Assessment (OEHHA) to establish a PHG.  OEHHA finalized a 0.02 ppb on 27 July 2011, making it likely that CDPH will move forward with the process of adopting an MCL for hexavalent chromium.


During the December 2011 groundwater sampling event, the highest copper concentration in groundwater was reported in shallow upgradient well W5 (130 g/l).  Copper concentrations in groundwater remain below the MCL (1,300 g/l).  


Cyanide was detected in three of the four existing offsite extraction wells during a sampling event in April 2009 at concentrations between 16 and 37 µg/l.  The federal MCL for cyanide is 200 g/l and the state MCL is 150 g/l.  Additional data for cyanide are required to evaluate if the system effluent of the planned groundwater extraction and treatment system will exceed applicable limits.  	Comment by Author: Please prepare a map of cyanide concentrations including all available monitoring well data to demonstrate potential cyanide plume source areas at Benchmark.


Downgradient Migration


A series of wells were installed on Valley Boulevard between 1988 and 1994.  These wells were screened in four different depth intervals and are shown on Figure 9 along with other soil boring and CPT data.  Wells W12, W13, W15, and W16 are screened from approximately 30 to 60 feet bgs; wells W14 and W17 are screened from 85 to 95 and 75 to 85 feet bgs, respectively; well MW6-56 is screened from 120 to 130 feet bgs; and well W21 is screened from 152 to 172 feet bgs. It is noted that none of the deep monitoring wells is located directly downgradient of the onsite locations where significant mass releases may have occurred, e.g., areas B, C, E, F and J.


The shallow-most wells (≤60 feet) have exhibited a greater than 90 percent reduction in VOC concentrations between 1988 and 2011.  Well W17, which is screened from 75 to 85 feet bgs, has had relatively stable VOC concentrations showing little reduction over the past 20 years.  In December 2011, PCE, TCE, 1,1-DCE, and 1,4‑dioxane were detected at well W17 at concentrations of 71, 1,500, 1,400, and 170 g/l, respectively.  Cross section E-E’ (Figure 8) shows that the bulk of the contaminants appear to be migrating in a northerly direction in a sand unit at an elevation between approximately 230 and 220 feet above msl (about 75 to 85 feet bgs).  Cross section D-D’ (Figure 7) shows the interpretation that a similar northerly migration pathway also exists to the east of W17 at the same depth.  Well W14, located even farther east along Valley Boulevard, is considered to define the easterly boundary of this flow path because this well previously exhibited elevated concentrations that have declined substantially since 2005.  There are no wells on the property or on Valley Boulevard along the axis of this northerly flow path at this depth to confirm this migration pathway to the east of W17.  However, based on flow gradients and on contaminants detected in well EW2 at Flagstaff Street, the flow path shown on cross section D-D’ appears likely and is considered to be a primary migration pathway.  Wells W12 and W13 are located at shallower depths along this same flow path and have historically contained higher contamination levels.  Concentrations in these wells have decreased up to two orders of magnitude since they were installed.  Deeper vertical migration of solvents below 100 feet along this flow path appears to be limited by clay and silt layers on Valley Boulevard.  CPT data, soil borings, and wells W21 (152‑172 feet bgs) and MW6‑56 (120‑130 feet bgs) installed into deeper units along Valley Boulevard indicate substantial attenuation vertically in this portion of the SZ-South site area.  Further investigation will be necessary to confirm migration pathways and determine the western extent of contamination and the eastern contamination pathway migration north of the property.	Comment by Author: EE’. This is based only on data collected from two locations (W17 and W20) and it is not true: 1) at the location of W17 the hot zone is at depth roughly 220-230 ft amsl; 2) at the location of W20 and DB-4, the highest contamination is about 10 feet higher, at roughly 230-240 ft amsl, i.e., there is a 10 feet drop in elevation from south to north  over a distance of about 700-800 ft.	Comment by Author: DD’. This is not true either. If one ignores the interpretive plume as drawn and lets data speak and focuses on the highest concentrations, this is what would be observed, from south to north: 1) at W9, the hot zone is at about 230-240 ft amsl; 2) at W13, the  well is too shallow and high concentration not detected; the orange plume shown on EE’ is inperpretative; 3) at PZ-7, fine-grained sediment observed from 220-230 ft amsl; 4) at BH-2, no sample was taken from this depth; 5) at location of E2/W22/W24, the claim is true; 6) at the location of BH-1, the highest concentration is at roughly 170 – 190 ft amsl. A generally dipping from south to north is still observed. 	Comment by Author: Include concentration plots for W14 and refer to them in the discussion	Comment by Author: This paragraph as written suggests that major flow path is already defined based on existing data with the exception between E2 and BH-1. This is not true. The fact is that there are only limited number of deep monitoring wells throughout the SZS, and new data will be collected to delineate the contaminant migration pathways. Suggest to delete and simply state that 1) vertical and lateral contamination needs to be delineated; 2) major contamination migration pathway needs to be defined.


Farther downgradient at Nelson Avenue, as shown on cross sections D-D’ (Figure 7) and G-G’ (Figure 10), one of the primary zones of contaminant migration is at an elevation of approximately 230 to 210 feet above msl (about 80 to 100 feet bgs).  Soil boring BH‑2 indicates thatSoil boring BH‑2 indicates that although the highest concentrations of VOCs occur at approximately 215 to 225 ft above msl (85 to 95 feet bgs), 1,1-DCE concentrations as high as 72 to 123 ug/L occur between approximately 155 to 195 feet above msl (approximately 115 to 155 feet bgs).  only limited vertical migration of solvents has occurred below a depth of 100 feet at this location.  However, farther downgradient at Puente Creek, soil boring BH‑1 and well S11 indicate that migration of contaminated groundwater at depth has occurred at an elevation of roughly 180 to 160 feet above msl (135 to 155 feet bgs), suggesting another primary contaminant pathway is at a lower elevation in the area near Puente Creek.  Further delineation and deeper wells will be necessary in order to understand pathways and contamination levels in these areas.


Other compounds, some of which are naturally occurring, are detected in the groundwater above Applicable or Relevant and Appropriate Requirements as defined in the ESD.  These include: perchlorate, selenium, nitrates, and total dissolved solids (TDS), of which only TDS may potentially be attributed to the Benchmark site.  Selenium, TDS, and nitrates are in the groundwater at concentrations that potentially exceed regulatory discharge limits, and are found at elevated concentrations throughout the PVOU.  	Comment by Author: How about perchlorate?


Mechanisms of Contaminant Release


As previously described, the property operated as a printed circuit board manufacturing facility from 1955 through mid-1989.  The earliest reported use of TCE at the property was in 1961.  No specific releases of COCs were documented to have occurred during the operation of the facility.  Releases of COCs were assumed to be during routine operation activities described in the Sources of Contamination section above and shown on Figure 2.  


Releases of COCs were assumed to be from both fresh and spent sources.  Both new and spent solvents were stored near each other in above ground storage tanks (Area E) and transported adjacent to each other in the former utility tunnel within below grade piping.  The spent solvent was assumed to be a free-phase solvent and not mixed with water.  Based on previous investigations and remedial activities, the metals COCs were released from spent etchants.  Chromic acid was used during the plating process and neutralized in a chromium sump located between Areas A and B before being discharged to a nearby clarifier and then to the sanitary sewer.  Process wastewater containing high levels of copper was sent to a clarifier located west of Area D before discharge to the sewer.  These areas appear to have released chromium and copper at the property.


As previously discussed in the Contaminant Distribution and Pathways section, migration of dissolved phase contaminants in the subsurface is strongly influenced by the more permeable units and by the vertical hydraulic gradients.  Contaminant mass migration begins in the vadose zone at the points of release and then migrates vertically to the water table.  Some chlorinated solvents, due to their high density, reached deeper depths as suggested by the results from the 2002 deep source area investigation and the 2004 deep soil boring investigation.  Migration of dissolved contaminants is then influenced by the horizontal permeability of the sand units and flows with the groundwater gradient.  The predominantly lateral migration of contaminants in groundwater from the source areas may have occurred in relatively coarse-grained units at different depths.  As noted on the well logs and cross sections, the thickness and areal extent of the sand units vary substantially across the SZ-South site area.  This has allowed for migration both horizontally as well as vertically to other permeable sand units as downgradient migration occurs.  These conditions also result in narrow zones of contaminant migration along the more permeable pathways. 


Historical groundwater monitoring results show that the uppermost sandy portion of saturated interval beneath the property, extending from the water table to a depth of about 60 feet bgs (referred to as “Zone A”), contained the highest concentrations of VOCs and 1,4‑dioxane.  The original onsite groundwater treatment system extracted groundwater from the shallow-most zone from 1996 to 2004.  The vadose zone was remediated by SVE from 1992 through 2007, which removed approximately 9,196 pounds of VOCs.  Evidence of deeper contaminant migration was observed during the 2002 deep source area investigation and the 2004 deep soil boring investigations (Orion, 2012).  It is reasonable to assume that the remedial action activities (the onsite groundwater treatment system and the SVE system) had minimal to no impact on this deep contamination.  Proposed field activities will assist in estimating the remaining contamination as well as the mass flux of COCs currently leaving the property to evaluate the continued impacts on the downgradient plume. 


Previous investigations and long-term groundwater monitoring have not encountered dense non aqueous phase liquid (DNAPL) at the property.  Due to the interbedded nature of the stratigraphy, the presence of DNAPL may have contributed to increased lateral and vertical distribution of COCs near the source areas.  However, as previously discussed, the existing groundwater monitoring wells have shown significant decreases in concentrations of COCs in the saturated zone near water table over the years, indicating the lack of a continuing source or the presence of DNAPL in the vadose zone or the shallow saturated zone. The persistence of elevated high VOC contaminant concentrations at W17 which is screened in a relatively deep depth, and the discovery of high VOC contamination levels at depth during the 2002 and 2004 CPT sampling suggest the likelihood of the existence of continuous contamination sources at depth, which could consist of discontinuous DNAPL trapped in pore spaces within the aquifer as discussed in the previous sections. Investigation of the lateral and vertical distribution of COCs near the former source areas at the property will evaluate the potential presence of DNAPL.


Contaminant Fate and Transport 


Dissolved contaminant in groundwater originating from the former Benchmark site Groundwater data from downgradient of the property along Valley Boulevard appear to show the bulk of the contaminants migratinghave migrated into the downgradient areas in a northerly direction and primarily within coarse grained units in a sand unit at an elevation between approximately 230 and 220 feet above msl (about 75 to 85 feet bgs)that serve a major contaminant migration pathway. The major contaminant migration pathway remains to be defined. 


Aquifer testing was performed to estimate transmissivity of the saturated interval at this depth at wells located farther downgradient on Nelson Avenue.  Additional aquifer testing has been limited to the shallow-most saturated zone on the property. Hydraulic conductivity values were not reported for the historical testing.  Based on the limited availability of aquifer data for the zone with the bulk of contaminants between the property and Nelson Avenue, an advective groundwater velocity value is not able tocannot be estimated.  Investigation of the hydrogeologic properties downgradient of the property will provide data to evaluate the contaminant fate and transport.  


Chemical Degradation 


Historical chemical use at the property has identified TCE and 1,1,1-TCA as the main solvents used during operation.  Both of these VOCs are known to degrade to daughter products under certain natural conditions.  Anaerobic biodegradation will degrade TCE to cis-1,2-DCE and then to vinyl chloride, and 1,1,1-TCA to 1,1-DCA, cis-1,2-DCE, and vinyl chloride.  Recent groundwater monitoring show that the maximum concentration of cis‑1,2-DCE was 34 g/l when the TCE concentration was 1,500 g/l at the same well (well W17).  The maximum concentration of 1,1-DCA was 120 g/l when the 1,1,1-TCA concentration was 5,200 g/l at the same well (W8).  Vinyl chloride is not present at detectable concentrations in any of the wells.  Based on the age of the groundwater plume and absence of any significant concentrations of degradation products compared to parent compounds, anaerobic biodegradation is not a significant degradation pathway in the SZ-South under natural conditions.


1,1,1-TCA is also known to readily degrade through abiotic processes, creating 1,1-DCE as a daughter product.  1,1-DCE is also formed under a minor pathway during anaerobic degradation of 1,1,1-TCA.  Based on the lack of daughter products created by the major anaerobic degradation pathways, the 1,1-DCE present at the site was created from the abiotic degradation of 1,1,1-TCA.  In December 2011, the maximum 1,1-DCE concentration in groundwater was 2,300 g/l when the 1,1-TCA concentration was 5,200 g/l in a source area well (well W8).  In downgradient wells, 1,1,1-TCA was not detected while the 1,1-DCE concentration was up to 1,400 g/l.  The abiotic degradation of 1,1,1-TCA has been a significant degradation pathway.


Exposure Routes


Potentially Exposed Populations


Potentially exposed populations have been identified based on the location of the potential receptors.  For this CSM, two distinct receptor locations are considered (1) onsite receptors, and (2) offsite receptors.  Onsite receptors include:


· Full-time employees present at the location of the former Benchmark facility, including administrative and operations staff.  These employees are engaged in the everyday operation of the current warehouse facility.  They have onsite offices and work stations.  It is assumed that these employees work 40-hour weeks and about 250 days per year.


· Part-time employees, including specialized maintenance and operations personnel, present at the property in response to sporadic labor and specialized personnel needs.  It is assumed that employment duration for temporary workers is usually less than 1 year on site.


· Visitors at the property such as customers and contractors involved in ongoing maintenance and construction activities.  


Offsite receptors, such as offsite residents and commercial/industrial workers, are potentially exposed to chemical contaminants migrating from the property.  Offsite receptors include:


· Adult and child residents living within a residential development downgradient and in close proximity to the site


· Adult industrial/commercial workers at businesses located in close proximity to the site


· Adult construction workers (mostly excavation or underground utility workers) working in close proximity to the site.


Overall exposures for onsite full-time workers and offsite residential receptors are expected to be much higher than the exposures anticipated for onsite part-time workers, visitors, and offsite construction workers.  Therefore, only potential receptors with the highest exposure potential are described in this CSM.


Exposure Pathways


Onsite workers may have the potential to breathe vapor emissions migrating upward through and dispersing from soil and into the air.  Previous excavation and in situ remediation removed the potential for onsite workers to have direct contact with COC-impacted soil.  Thus in this CSM, the inhalation of vapors has been included as a potentially complete exposure pathway.  The exposure pathways evaluated for onsite receptors are presented on Figure 19.


The property is located in an area zoned for industrial and commercial use.  In addition, it is surrounded by light industry, commercial establishments, residences, and open spaces.  Therefore, potential offsite receptors include adult and child residents, as well as offsite workers.  The potential exposure pathways through which offsite residents may be exposed are presented on Figure 19.  The exposure media likely to be in contact with the potential receptors are discussed in the following sections.


Air Pathways: VOCs may migrate to the surface in the form of vapors.  Both onsite and offsite respirable air quality may be impacted by chemicals volatilizing from soils and contaminated groundwater.  Human intake factors such as characteristics of exposed receptors, inhalation rates, exposure time, and duration determine the potential dose received by an individual through the inhalation route.  


Soil Pathways: In addition to the inhalation pathway, humans can also be exposed to chemicals in soil through the oral and dermal pathways.  The oral and dermal pathways are of importance for chemicals with low volatility potential such as metals, semivolatile organic compounds and polycyclic aromatic hydrocarbons.  Humans may be exposed to chemicals in soil when they accidentally ingest soil particles (through food contamination with soil or repeated hand-to-mouth contact).  Oral intake of soil particles is known to be of special significance in children because they are known to spend more time playing outdoors and in some cases (i.e., Pica Syndrome) are known to ingest soil voluntarily.  Based on previous remediation activities (excavation and SVE) and site redevelopment, onsite workers and visitors are not expected to be exposed to impacted soil, and impact to surface soils does not extend off site.  Therefore, the oral exposure pathway is not considered to be complete for onsite and offsite receptors. 


The dermal pathway is especially important for onsite workers and visitors engaged in subsurface construction or maintenance activities.  The dermal exposure pathway is a relatively minor pathway for VOCs and metals.  Based on previous remediation activities (excavation and SVE) and site redevelopment, onsite workers and visitors are not expected to be exposed to impacted soil, and impact to surface soils does not extend off site.  Confirmation of the onsite dermal exposure pathway for subsurface construction and maintenance activities will be evaluated in upcoming investigations.


Groundwater Pathways: A downgradient extraction system is being installed as part of the PVOU remedial remedy to reduce impacted water reaching municipal water supply wells.  Water supply wells are also monitored regularly and have treatment to remove impacts to groundwater.  Therefore, the groundwater exposure pathway at the site is not considered complete for offsite residents.  It is possible that old privately owned wells may pump contaminated groundwater, thus USEPA has requested a potable well survey to confirm that that no private wells are extracting groundwater from the SZ or Intermediate Zone. 


Groundwater in the SZ under the site currently has no beneficial use and it is not used for industrial processes.  The Regional Water Quality Control Board believes that the SZ groundwater has a potential for beneficial use.  Drinking water for the warehouse facility is obtained from municipal sources.  Therefore, the groundwater exposure pathway at the site is not considered complete for onsite workers.	Comment by Author: Is this correct?


Surface Water Pathways: Surface water monitoring conducted off site has demonstrated that offsite surface water bodies (i.e., Puente Creek) are not currently impacted by site-related chemicals.  For this reason, offsite residents and recreational receptors do not have direct contact with surface water that is known to be impacted by site-related chemicals.  Thus, exposure to surface water is considered to be incomplete for onsite and offsite receptors.  


Receptors


Possible routes for human exposure generally include ingestion of chemicals in the transport media (i.e., soil, groundwater, surface water, indoor air, etc.), inhalation of airborne vapor or particulates, and dermal contact with chemicals in the contaminated media (i.e., soil, groundwater, surface water, etc.).


The evaluation of the completeness or potential completeness of exposure pathways is presented in the text above and is represented graphically on Figure 19.  Exposure pathways that are considered to be relevant for onsite and offsite receptors are data gaps that need to be addressed and include: 


· Onsite full-time and part-time workers


a. Inhalation of ambient and indoor air impacted by VOCs from subsurface soil and groundwater


b. Inhalation of ambient dust generated during construction activities


c. Inhalation of ambient VOCs from disturbed soil


d. Inhalation of indoor VOCs from the underlying impacted soil and groundwater


e. Ingestion, dermal exposure, and inhalation of VOCs and metals impacted particles that may be generated during construction or subsurface maintenance activities


· Onsite visitor


a. Inhalation of ambient and indoor air impacted by VOCs from the underlying impacted groundwater


b. Inhalation of ambient dust generated during construction activities


· Offsite commercial/industrial worker


a. Inhalation of ambient and indoor VOCs from underlying groundwater sources


b. Ingestion, dermal exposure, and inhalation of VOCs and metals impacted particles that may be generated during construction or deep subsurface maintenance activities


· Offsite residential receptors


a. Inhalation of ambient and indoor VOCs from underlying groundwater sources.


Data Gaps


Field investigations conducted to date have generated a significant amount of data regarding the site hydrogeological conditions and contaminant distributions in the vicinity of the former Benchmark site. However, due to the complexity of the interbedded aquifer at this site, there currently exist significant data gaps in the current conceptual site model: 


1. Data Gaps regarding contaminant distributions and contaminant migration pathways. The lateral and vertical extents of contaminant distributions in SZS have not been fully delineated. The high contaminant concentrations detected below 60 feet below ground surface (bgs) in at the onsite CPT borings (e.g. CPT‑6) have not been identified in any downgradient areas with the exception of BH-01.  Additional data are needed to characterize the contamination migration pathway at depth.  Sufficient data should be collected to allow for well defined plume distributions depicted on plume maps and cross sections. The plume maps and cross sections developed for the SZ-South remedy should be linked to the existing regional plume maps and cross sections.


2. Data Gaps regarding subsurface hydrostratigraphy. The groundwater aquifer in SZS has previously been characterized into three permeable zones separated by relatively impermeable units:  Zones A, B, and C, with Zone A defined as the saturated interval from water table to 60 ft bgs, Zone B from 80-90 ft to 115 ft bgs, and Zone C from 150 ft to 200 ft bgs. This hydrostratigraphic model oversimplifies the complex aquifer conditions in the study area and it is inconsistent with the general hydrostratigraphic model developed for the regional PVOU SZ and IZ remedies. Sufficient additional data should be collected to allow for the development of a robust hydrostratigraphic model. This hydrostratigraphic model should be tied into the hydrostratigraphic model for the PVOU SZ and IZ regional remedies


The following are a summary of the data gaps based on the information previously discussed.  Due to the complexity of the interbedded aquifer at this site, additional vertical and horizontal delineation of the COC plumes are needed.  These data gaps have been organized into three specific regions of the site to simplify the discussions of the specific gaps and needed informationThe following summarizes the additional investigation needed in order to fill the data gaps identified above:.


Source Area Investigation


Data gaps that exist beneath the property include the following:


· Vertical and lateral extent of residual COCs in the vicinity of the former source areas 


· Quantity and extent of residual mass still present beneath the site


· Geologic data describing the type of sediments and their thicknesses below a depth of 60 feet


· Hydraulic conductivity of the sediments greater than 60 feet in depth


· Hydraulic connectivity between units


· Carbon content of the geologic units to determine solvent partitioning properties


· Degradation and natural attenuation rates of the residual contamination


· Mass flux of contamination still leaving the property


· Migration pathways, in addition to the shallow sand units, that may facilitate contaminant transport.


Valley Boulevard


A considerable amount of investigation has occurred on or near Valley Boulevard to evaluate migration pathways and geologic information.  Nevertheless, there are some areas where data gaps exist.  They include:


· Lateral and vertical extent of contamination to action levels in the vicinity of wells W12, W13, and W16


· Migration pathways in the deeper lithologic units in the vicinity of wells W12 and W13


· Extent and vertical distribution of solvents west of well W17


· Hydraulic conductivity of lithologic units


· Hydraulic connectivity between units


· Carbon content of the geologic units to determine solvent partitioning properties


· Degradation and natural attenuation rates of the residual contamination


· Mass flux of contamination still migrating within this portion of the plume.


Northern Portion of SZ-South (Nelson Avenue and north to Puente Creek)


A substantial amount of investigation and testing has been done on Nelson Avenue and Flagstaff Street.  Nevertheless, there are still data gaps in this portion of the plume.  They include:


· Regional stratigraphic dip in the area south of Puente Creek and the vertical distribution of contamination below a depth of 100 feet along Nelson Avenue, to assess whether the existing extraction well network is deep enough to fully intersect groundwater contamination exceeding 10 times the SZ Containment Criteria


· Vertical distribution and plume migration pathway along Nelson Avenue


· Vertical distribution of contaminants in the area between Puente Creek and Nelson Avenue, with the exception of BH-1


· Vertical distribution and plume migration pathway in the vicinity of boring BH-1 on Cadbrook Street


· Vertical pathways of contaminant migration that have allowed contamination to reach deeper zones at Cadbrook Street


· Hydraulic connectivity between units


· Carbon content of the geologic units to determine solvent partitioning properties


· Degradation and natural attenuation rates of the residual contamination in this portion of the plume


· Mass flux of contamination still migrating across this portion of the plume and the flux of contamination potentially migrating into the Intermediate Zone.
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